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Introduction
The working area for RAN4 Rel-17 non-spectrum WI/SI proposals were agreed in RP-201331. The scope of this email discussion is to stabilize the scope of FR2 HST based on the input from RP-200846 (Nokia) and RP-200896 (Samsung).
List of candidate topics for this assigned e-mail discussion
· Topic #1: Target scenarios 
· Topic #2: Objectives for RF core parts
· Topic #3: Objectives for RRM core parts 
· Topic #4: Objective for performance part
· Topic #5: Details of drafting WID, including justification, time scale and expected output (new specifications, impacted new specifications)  
Topic #1: Target scenarios
Companies’ contributions summary
	Company
	Proposals / Observations

	Nokia
	· This work item focuses on train car-mounted high-power devices only.
· Single-panel and/or multi-panel?
· NR SA with PCell in FR2.
· The channel model: 
· HST-SFN scenarios, i.e. multiple RRHs connecting to one BBU. The channel model for HST-SFN will be discussed in this WI.
· HST single tap channel model open-space
· Other channel models are not precluded
· The maximum Doppler frequency will be investigated and determined based on operating frequency, velocity and the NR design limitations for all UL/DL physical channels.
· Target band n261.
· The feasibility of supporting speeds of up to a maximum of 250km/h will be investigated. The actual maximum supported velocity will be decided in this WI.

	Samsung
	· Vehicle-roof mounted customer-premises equipment (CPE), which are expected to communicate with track-side deployed gNBs for the backhaul link and to further provide on-board broadband connections to user terminals and/or for other train-specific demands as access link. 
· NR SA single carrier scenario in FR2
· Detailed frequency bands in FR2 will be decided in this WI
· Further study the channel model for FR2 HST
· Both uni-directional SFN and bi-directional SFN shall be studied 
· Other channel model is not precluded 
· The maximum Doppler frequency will be investigated and determined based on operating frequency, velocity and the NR design limitations for all UL/DL physical channels.
· The feasibility of supporting speeds of up to a maximum of 500km/h will be investigated. The actual maximum supported velocity in Rel-16 FR2 frequency bands will be decided in this WI.



Open issues summary
Sub-topic 1-1: Whether below target scenarios for FR2 HST can be confirmed? 
· Train-roof mounted customer-premises equipment (CPE), which are expected to communicate with track-side deployed gNBs for the backhaul link and to further provide on-board broadband connections to user terminals and/or for other train-specific demands as access link. 
· FR2 single carrier, i.e., NR SA with PCell in FR2 
· Maximum Doppler frequency will be investigated and determined based on operating frequency, velocity and the NR Rel-16 design limitation for all UL/DL physical channels 
· The feasibility of supporting speeds of up to a maximum of 250km/h will be investigated. The actual maximum supported velocity in Rel-16 FR2 frequency bands will be decided in this WI.
Sub-topic 1-2: For candidate FR2 frequency bands, is there any other bands request except band n261?
Sub-topic 1-3: Whether the HST single tap channel model shall be included in the WI phase, two options: 
· 	Option 1: Yes
· Option 2: No
Sub-topic 1-4, For HST SFN, whether the uni-directional and bi-directional SFN shall be considered as baseline? 
· 	Option 1: Yes
· Option 2: No
Sub-topic 1-5: For train-mounted CPE, any implementation assumption for Rel-17? Also, companies’ interpretation on the implementation assumptions are encouraged to facilitate the further discussions. 
· Option 1: Single-panel only
· Option 2: Single-panel and/or multi-panel
Companies views’ collection 
	Company
	Comments

	Nokia, Nokia Shanghai Bell
	Sub-topic 1-1:
Scenario can be confirmed (with 250km/h typo corrected).
Sub-topic 1-3:
HST single tap channel can serve as baseline.
Sub-topic 1-4:
The decision of uni- vs. bi-directional should be taken based on discussions during the WI. It does not seem immediately obvious to us, that one or the other could be excluded.
Sub-topic 1-5:
For this WI, the implementation should be constrained to Rel-15/16 UE features. Rel-17 HST SFN enhancements are currently treated in NR_feMIMO and RAN4 can contribute there.
Concerning Rel-16 features, there is no full multi-panel operation option: “MPUE-Assumption3: Multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for transmission”, hence the RAN4 should operate under the single-panel assumption. Detailed discussions are expected in the beginning of the WI.

	Intel
	Sub-topic 1-1: Whether below target scenarios for FR2 HST can be confirmed?
· Prefer to study maximum speed up to 250km/h. The WI shall aim to identify whether the maximum speed can be supported, or only smaller values are feasible.
Sub-topic 1-2: For candidate FR2 frequency bands, is there any other bands request except band n261?
· The exact bands can be identified during the WI stage based on operators’ requests. 
· Demodulation requirements shall be defined in a band-agnostic manner. The frequency band can be used to identify target max Doppler frequency.
Sub-topic 1-3/4: Channel models, deployment and transmission schemes
· Focus on multi-RRH deployments with multiple RRHs connected to a single BBU
· Channel model will depend a lot on the deployment parameters and operator inputs are encouraged. Also, recommend RAN4 to align on the deployment scenarios and parameters with ongoing RAN1 studies on FR2 HST in feMIMO WI. 
· Further discussion on the candidate TX schemes is needed. In case of FR2 beam-based operation, the benefits of SFN transmission from multiple RRHs are not straightforward at least for PDSCH. Propose to further assess the applicable Tx schemes as a part of the WI discussion. 
· The channel models are related to the Tx scheme selection and can be discussed in more details in the WI stage. HST SFN Uni/Bi-directional scenarios were investigated for FR1 operation and may not be directly applicable to FR2. In case of single panel Tx/Rx, UE will select the beams pointing towards the direction of one of the TRPs. So, even in case of SFN transmission from multiple RRHs, the effective channel model at the UE side is expected to be quite similar to the HST single tap model. Therefore, we prefer to prioritize HST single tap models.  
Sub-topic 1-5: Number of UE panels 
· Single panel UEs shall be considered as baseline. 
Other 
· RAN1 has an ongoing study on FR2 HST scenarios as a part of feMIMO WI. For RAN4 work we suggest to clearly differentiate the scope from RAN1 work (i.e. RAN1 feMIMO WIs solutions are out of scope of RAN4 Rel-17 HST WI)
· Additional discussion on regular FR2 devices behavior in FR2 HST networks is needed. For instance, regular devices will not be able to operate in high speed conditions and network shall ensure that FR2 devices within the train do not access FR2 cells.

	China Telecom
	With the target of maximum UE speed of 250km/h, the feasibility can be further confirmed during the WI. 
For the frequency band, generally the baseband requirements can be defined in a band-agnostic way or for a band group. So, maybe it is not necessary to restrict the work to one single band, for example, at least from the baseband requirement point of view, we can treat n257, n258, n261 together.
We agree with Nokia that for this WI, the implementation is constrained to the already defined Rel-15/16 features in RAN1/2. 

	CMCC
	Sub-topic 1-1:
In LTE and FR1 HST WI, 350km/h and 500km/h are studied. We prefer to at least study the feasibility of support up to 350km/h. And we are OK to decide the maximum supported velocity in WI phase after collecting more views from interested companies.
Sub-topic 1-2: 
Instead of listing candidate FR2 frequency band, we prefer to decide the maximum frequency to be supported, e.g. up to 28GHz.
 Sub-topic 1-3/4:
The channel model and deployment scenario need more input from interested companies in the WI phase. In general, we support to include HST single tap and HST-SFN.
Sub-topic 1-5:
OK to use single panel Rel-15/16 as baseline. 

	Ericsson
	Sub-topic 1-1: We agree with the scenario. It is important to agree on the feasible speed based on outcome of the feasibility which includes both RRM and demodulation. This means RAN4 has to start the demodulation part when core part starts.
Sub-topic 1-2: It is sufficient to focus on n261. However, if any other band is identified then it can also be considered. 
Sub-topic 1-3: We agree with Nokia that HST single tap channel is used as baseline since there is beamforming in FR2.
Sub-topic 1-4: We should prioritize HST single tap channel. In our view HST SFN may not even be feasible for HST in FR2. 
Sub-topic 1-5: Baseline assumption should be single panel implementation in the UE.

	ZTE
	Sub-topic 1-1: The proposed scenario can be confirmed for the current stage. However, the WI might also need to be open to scenarios with a higher velocity
Sub-topic 1-2: We are fine if there is demand other than n261
Sub-topic 1-3: We share similar views as Nokia/Ericsson that HST single tap channel can be used as a baseline
Sub-topic 1-4: We are not sure if HST SFN is suitable for FR2
Sub-topic 1-5: Provided the scenario confirmed, it may allow implementation with more than single panel. Don’t see the need to make a choice at this initial stage. More investigations might be needed.

	Apple
	1-1: we need to study the maximum doppler the current design can support in FR2. With this, the maximum speed can be specified accordingly based on specific band.
1-2: operators inputs are important
1-3: yes. Take single path as the baseline
1-4: based on LTE study, both of them have their own challenges. We can decide during SI stage.
1-5: keep this open and further discuss during SI

	MTK
	Sub-topic 1-1
· ISD should be studied. The pathloss in FR2 is different to that in FR1. Speed up to 250km/h equals roughly 70m/s. With 200ms ISD, UE will only stay in a cell/RRH for 3 seconds which demands more frequent measurement or fast handover. 
Sub-topic 1-3 and 1-4
· The deployment scenario needs to be studied in RAN4. It is also not very clear to us whether Tx beamforming (and how many SSBs) are considered per cell or per RRH, when we refer to single-tap and SFN channel models. In our view 
Sub-topic 1-5
Single panel should be the baseline for this work.

	vivo
	Sub-topic 1-1: Yes, can be confirmed.
Sub-topic 1-2: Not sure if other 28GHz band need to be considered.
Sub-topic 1-3: HST single tap can be baseline. And for the detailed channel model, deployment scenarios may need to be considered.
Sub-topic 1-4: Not sure whether HST-SFN joint transmission is feasible or not in FR2. Phase noise might be an issue.

	Qualcomm
	As a general comment, we should first have a study phase to understand the deployment scenario and what requirements need to be enhanced. This was done for FR1 HST in the LTE days and was the baseline for all the enhancements we did afterwards. Even though the proposed deployment scenario is similar to FR1 HST, the difference in frequency will create mobility issues. What is the expected ISD between RRHs? What is the expected beam width and number of beams from the gNB?
Sub-topic 1-1: the confirmation for the scenario should come from the proponents and interested operators. For the maximum speed that can be supported without physical layer changes, this should be discussed during the work
Sub-topic 1-3: We need to first understand the exact deployment scenario. Having just a single tap HST channel model is highly desirable from a UE point of view.
Sub-topic 1-4: Uni-directional is highly desirable from a performance point of view. Bi-directional leads to a very complicated channel and given the very high Dopplers expected, performance is likely to be significantly degraded.
Sub-topic 1-5: Single panel should be the starting point. As of now PC1(CPE) assumes just a single panel. We believe there is no point in defining yet another device type/power class just for this limited scenario.

	CATT
	Sub-topic 1-1:
Scenario can be confirmed.
Sub-topic 1-2:
Prefer to study the frequency up to 28GHz. 
Sub-topic 1-3:
HST single tap channel can serve as baseline.
Sub-topic 1-4:
Use the channel model in FR1 as a starting point and decide during the WI.
Sub-topic 1-5:
OK to use single panel Rel-15/16 as baseline.

	SoftBank
	Firstly, we are interested in the 3GPP activities to extend the use case of FR2, and therefore we support this WI in general.
Sub-topic 1-2: Band n257 is one of our interests. It would be good if other bands can be added after WI starts depneding on the new spectrum allocation.

	Samsung
	Sub-topic 1-1: Whether below target scenarios for FR2 HST can be confirmed?
· We are fine with the target scenario. 
Sub-topic 1-2: For candidate FR2 frequency bands, is there any other bands request except band n261?
· The other frequency bands can be further added based on operators’ demand during the WI phase. 
Sub-topic 1-3: Whether the HST single tap channel model shall be included in the WI phase 
Sub-topic 1-4, For HST SFN, whether the uni-directional and bi-directional SFN shall be considered as baseline? 
· To clarify, HST SFN is referred as scenario in that multi-RRH deployments with multiple RRHs connected to a single BBU with same cell ID.  
· Under such above HST SFN scenarios, the detailed channel model from UE receiver aspect including single tap channel model  and bi/uni-directional channel model can be further discussed in the WI phase.  We also share the similar view as other companies, single tap channel model can be used as baseline. 
· Other deployment parameters (ISD, distance among RRHs, number of RRHs per cell, number  of SSB etc ) and transmission scheme decision in WI phase not only depends on the operator input but also shall consider the restrictions of existing Rel-15/16 L1 design including CP length and L1 channel design.  
Sub-topic 1-5: Number of UE panels 
· Single panel should be the baseline.

	KDDI
	Sub-topic1-2: No need to limit candidate bands at this stage.  n257 should be the band with requests and therefore be included in the candidate bands.

	Verizon
	Sub-topic 1-1: We agree with Nokia and the suggested target scenario. 
Sub-topic 1-2: It is sufficient to focus on n261 at beginning as the FCC (FCC 16-89) order is available for the maximum “Mobile Station peak EIRP” for the U.S. operations. Other FR2 bands can be identified and be considered from operators once their regulation requirements are available.
 Sub-topic 1-3: We believe the single tap channel will be a benefit to UE devices. 
Sub-topic 1-4, We agree with Samsung that the multi-RRH would be connected to a single BBU. The detailed bi/uni-directional channel model can be further discussed in the WI phase. 
Sub-topic 1-5: Baseline assumption could be single panel and detailed discussion should be in the WI phase.    

	China Unicom
	Sub-topic 1-1:
We support to study the speed up to 350km/h and the feasibility for the speed could be investigated in the WI. 
Sub-topic 1-2:
we prefer the frequency to be supported up to 28GHz.
Sub-topic 1-4:
Uni-directional or bi-directional SFN need further study.
Sub-topic 1-5:
Prefer single panel as the baseline.

	Huawei
	1-1: We agreed with the proposed scenarios at the current stage. 
On top of them we would like to add the description on the network deployment, i.e., network deployment with multiple RRHs being connected to one BBU, which can minimize the effort for UE to conduct handover.
Since the operator may consider that the early UE chipset could support this scenario and this is the first version for FR2 HST, we would like to use Rel-16 functionality as baseline and not to introduce any impact on L1/L2 design for FR2 HST in Rel-17.
1-2:  We also think that it is sufficient to consider up to Fc=28GHz for max Doppler shift decision.
We prefer all discussions are based on NR Rel-15/16 core feature. Considering the agreed max carrier frequency and UL/DL physical channel design, the supported max velocity can be further studied.
1-3 and 1-4: Consider the beamforming in FR2, considering single path maybe feasible, but considering many issues for FR2 need further study and cannot directly follow FR1, such as deployment scenarios (open space, tunnel or others), specific channel models (uni-directional SFN, bi-directional SFN, DPS, single tap, multi-TRPs and others), the cost by considering the deployment density, the reliability and etc., we prefer to do study firstly for full investigation.
1-5: Prefer single panel as baseline.


Summary for target scenarios 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Topic#1
	Sub-Topic 1-1: 
Most of companies can confirm the scenario to be used in the WI phase. Two options for the upper limits of speed was proposed, i.e., 250km/h or 350km/h. Companies also agreed to decide the maximum supported velocity for FR2 frequency bands in WI phase. Based on the moderator’s observation, 250km/h can be tentative agreements to start the RAN4 work. If feasibility of supporting larger velocity can be identified during RAN4 investigation, WI can be further revise to allow the investigation of larger velocity. 
Also, on top of above confirmed scenarios, companies proposed to study further on the parameters including, ISD, number of RRH and so on. For these deployment parameter together with channel models, moderator suggest to include these bullet into a study phase within WI to further decide the value/parameters during the WI. 
It was also observed the consensus that maximum Doppler frequency shall be decided based on Rel-15/16 L1 design. 

Sub-Topic 1-2:
Most of companies share the view that besides confirming including band n261, other FR2 bands can be considered and decided in the WI based on the deployment demand. Based on the input received so far, band n261, band n257 and band n258. Based on moderator’s observation, these three bands can be included in the WID as starting point. As common understanding, adding or removing (from band n257, n258 and band n261) frequency bands will not precluded in the WI phase. 

Sub-Topic 1-3 and 1-4 
In general, companies prefer to study the detailed deployment parameters and also channel models in the WI. HST single tap channel model as baseline channel models is accepted by some companies. Moderators suggest to add additional bullets as investigation points in the WID for further discussions in the WI. 

Sub-Topic 1-5: 
Most of companies agreed to use single panel as baseline UE antenna implementation assumption. Some companies prefer to keep the implementation choice open in the WI. One company asked whether more than one antenna panel implementation can be allowed. Moderator suggest to use the single panel as baseline (start discussion from single panel) by adding clarifications on the single panel is the WID, e.g., single panel, i.e., i.e., only one active antenna panel at a time,
 
Recommendations for wording in the WID: 
· Investigate and specify the following scenarios 
· NR SA single carrier scenario in FR2
· Focused on train roof-mounted high-power devices 
· Single panel, i.e. i.e., only one active antenna panel at a time, as baseline antenna assumption 
· The candidate frequency bands including band n261, n257 and n258. 
· Target deployment scenario is SFN deployment with multi-RRHs share the same cell-ID, the detailed parameters will be investigated and decided in initial phase of WI:
· Number of RRHs per cell
· The distance between adjacent RRHs
· The distance between RRHs and railway track
· The number of SSB per RRH 
· Further study the channel model for FR2 HST
· HST single Tap channel and uni/bi-directional HST SFN channel shall be studied 
· Other channel model is not precluded 
· The maximum Doppler frequency will be investigated and determined based on operating frequency, velocity and the Rel-15/16 NR design limitations for all UL/DL physical channels.
· The feasibility of supporting speeds of up to a maximum of 250km/h will be investigated. The actual maximum supported velocity in Rel-16 FR2 frequency bands will be decided in this WI.



Topic #2: Objectives for RF core parts
Companies’ contributions summary
	Company
	Proposals / Observations

	Samsung
	· Specify the UE RF core requirements for 
· Existing power class 2 or power class 4 UE can be investigated as starting point
· New power class is not precluded 
· Further enhancement for beam correspondence requirements 
· Further study the feasibility of more restrict requirements for transmit signal quality for FR2 HST applicable SCS 

	Nokia
	No RF requirements



Open issues summary
Sub-topic 2-1: Whether the RF requirements is required to support FR2 HST train-roof-mounted CPE?
· 	Option 1: Yes 
· 	Option 2: No  
Sub-topic 2-2: If the answer for sub-topic 2-1 is yes, whether existing PC4 can be used for baseline? 
· Option 1: PC4 can be used as baseline, no other power class shall be considered in the WI phase 
· Option 2: PC4 can be used as baseline, other power class including existing power class the new power class, is not precluded in WI phase
· Option 3: No, new power class shall be defined for FR2 HST train-roof-mounted CPE 
Sub-topic 2-3: If answer for sub-topic 2-1 is yes, are we going to further enhance the beam correspondence requirements for the designed power class? 
· Option 1: Yes 
· Option 2: No 
Sub-topic 2-4: If answer for sub-topic 2-1 is yes, are we going to further study the feasibility of more restrict requirements for transmit signal quality for FR2 HST applicable SCS?
· Option 1: Yes 
· Option 2: No 
Companies views’ collection 
	Company
	Comments

	Intel
	Sub-topic 1-1/2/3/4: Strive to reuse existing PC2 or PC4 for HST CPE use case. Do not see strong justification for additional FR2 power classes and additional RF requirements (beam correspondence, signal quality).

	Ericsson
	Sub-topic 2-1: RF requirements are needed if new power class is introduced.
Sub-topic 2-2: we should investigate the need for new power class.
Sub-topic 2-3: Beam correspondence requirements need to be revisited/investigated if new power class for HST FR2 is introduced. It is not clear what is meant by enhancement of BC?
Sub-topic 2-4: It is not meant what is meant by “restrict requirements for transmit signal quality”. Is it worse or better than existing requirements? In our view transmit signal quality does not need to be revisited for HST FR2. 

	ZTE
	Sub-topic 2-1: Yes, RF requirements are required.
Sub-topic 2-2/2-3/2-4: No need to make decision right now. More studies are needed.

	Apple
	2-1: PC4 requirement can be reused as the baseline
2-2:option 2
2-3: unless new PC UE is introduced, we otherwise don’t the necessity to further enhance BC performance
2-4: we don’t see strong motivation to have more restricted requirements at this stage.


	MTK
	We do not see the need to define RF requirements. We prefer to directly re-use the current PCs defined in Rel-16.

	OPPO
	HST is just one of the use case in FR2, it is not justified to define additional special power class at this stage. It is proposed to reuse the existing power class and make the enhancements in BB demodulations.

	vivo
	Sub-topic 2-1: Yes, RF requirements is required. Testability issue shall be studied.
Sub-topic 2-2: No strong view on whether new power class is needed. 
Sub-topic 2-3: If new power class is defined, we should study the BC requirements for this type of device.

	Qualcomm
	Sub-topic 2-1: No. We should stick to the requirements that are already have and the devices that we have already defined. 

	Samsung
	RAN4 shall strive to reuse the existing PC4 for HST CPE. Whether the new requirements are needed can be concluded in WI phase based on the further study for existing PC4 requirements. If any missing RF requirements are identified for support HST CPE, RAN4 shall defined additional RF requirements for PC4 instead of defining new power class. Note that there is no BC requirements for PC4.

	Verizon
	RAN4 should use the existing PC4 for HST CPE for two reasons, the defined PC4 is targeted on HST based on the FCC (FCC 16-89) order with the maximum 43dBm “Mobile Station peak EIRP” for the U.S. operations, and the minimum EIRP CDF is 20%-tile which could support fully mobility. If any missing RF requirements are identified, RAN4 shall define additional requirements for PC4, instead of defining new power class.

	Huawei
	Sub-topic 2-1: No need. We prefer to reuse the RF requirements of existing UE type, i.e., power class/PCx specified since Rel-15.
Sub-topic 2-2~2-3: we do not see the need to specify the RF requirements. Regarding the question the requirements of which UE type could be applied to FR2 HST UE, more discussion is needed. At the current stage, we have no clear view. It may be highly related to the deployment scenario and the mechanism or assumption that we agree on for beam management for FR2 high speed UE.
For beam correspondence requirements, we wonder if the UE meeting the existing requirements could be considered as qualified for FR2 HST. The beam management and beam correspondence need more investigation. There would be several solutions:
· BS based solution, which relies on BS implementation to track the location of users and continuously adjust the Tx beam pointing to users. Under this scheme, UE may not observe  the quick change of Tx beam and it seems OK for UE to fulfil the existing beam management requirements.
· UE based solution, which relies on UE quick beam sweeping and do TCI switching very dynamically. Under this scheme, BS generates multiple narrow Tx beams and UE should quickly switch between them. There would be frequently interruption.
· UE-BS coordination solution, which requires UE to report more frequently to help network to track the user location and point a certain Tx beam to user. This scheme may need some change for L1/L2.
From our side, we prefer the BS based solution. But at the current stage, the more practical way is to keep the beam correspondence open.
For “more restrict requirements for transmit signal quality”, it is unclear to us what kind of requirements are under consideration. Are they frequency error, EVM, carrier leakage, or in-band emission? One of them, part of them or all of them. In our view, Tx EVM, carrier leakage, or in-band emission requirements would not be relevant for this FR2 HST, since TP is just one transmitter which seems not different from the normal TP. Regarding the frequency error, since the receiver need to deal with the higher Doppler shift, maybe smaller relative frequency error across the TPs seems relevant.



Summary for RF core requirements 
	
	Status summary 

	Topic#2
	Tentative agreements:
No strong view on introducing new power class for FR2 HST. Also, some companies believe it is too early to identify the explicit RF requirements for existing power class. Moderator suggest to preclude the new power class from the WID and also leave the objectives for RF requirements in generic manner including beam correspondence and transmit signal quality 
For beam correspondence, companies pointed out BC requirement is not included for PC4 in the current specifications. Some companies also indicate to keep the beam correspondence requirements open. Moderator suggest to add one sub-bullet on this missing BC requirements. 
Recommendations for wording in the WID:
· Specify the UE RF core requirements for power class 4 if identified 
Introduction for beam correspondence requirements for PC4



Topic #3: Objectives for RRM core parts
Companies’ contributions summary
	Company
	Proposals / Observations

	Samsung
	· Specify the UE RRM core requirements for 
· Idle/inactive mode cell reselection requirements enhancement 
· Connected mode
· Handover delay requirement enhancement 
· Measurement requirements enhancement including both L1 and L3 measurement 
· Beam management requirements enhancement including beam failure detection, candidate beam detection performance requirements


	Nokia
	· Investigate and specify the UE RRM core requirements for: 
· Connected mode
· Cell identification requirements
· Measurement delay requirements
· Beam management related requirements, e.g. L1-RSRP measurement
· Impact on RLM and UL timing.
· If needed other requirements are not precluded. If needed, signalling impact should be discussed in RAN2.



Open issues summary
Sub-topic 3-1: Whether the IDLE mode cell reselections requirements shall be specified?
· 	Option 1: Yes 
· 	Option 2: No  
Sub-topic 3-2: For connected mode, whether the following objectives shall be included in the WID?
· Cell identification requirements
· Handover delay requirement enhancement 
· Measurement requirements enhancement including both L1 and L3 measurement
· Beam management requirements enhancement including beam failure detection, candidate beam detection performance requirements
· Impact on RLM and UL timing.
Sub-topic 3-3: Any other missing RRM requirements from the objectives in sub-topic 3-2? 
Companies views’ collection 
	Company
	Comments

	Nokia, Nokia Shanghai Bell
	Sub-topic 3-1:
For a train mounted CPE, connected mode should be priority. If time remains, idle mode can be checked.
Sub-topic 3-2:
We agree with the objective. Enhancements should only be the target, if the current state of the specification is found to be lacking.

	Intel
	The existing FR2 RRM requirements may not work for HST conditions, since processing delays are scaled to take into account UE RX beam refinement. For instance, for the shortest DRX cycle (0.32s) the cell detection takes 92sec (36 DRX cycles) which corresponds to 6.4km distance for 250km/h in existing FR2 requirements. Even the number of samples may be reduced, e.g. to 8 as in FR1 HST requirement, the cell detection takes 20sec which corresponds to 1.4km distance for 250km/h and not sufficient for HST deployments. At this point it is unclear whether substantial tightening of the requirements is feasible. Before the RRM requirements can be introduced, additional studies are needed to identify 1) RRM requirements impacts, 2) Candidate RRM enhancement methods (e.g. methods to ensure UE does not need to apply RX beam tuning or uses smaller number of beams). The exact requirements can be further discussed subject to the outcome of the studies.

	CMCC
	Study is needed before deciding which requirements can be enhanced. Deployment scenarios should be discussed first, e.g. ISD. Connected mode should be prioritized compared to idle mode for train mounted CPE.

	Ericsson
	Sub-topic 3-1: Yes; idle mode cell reselection requirements are needed.
Sub-topic 3-2: Yes; all RRM requirements listed in this sub-topic need to be included in WID objectives. Only SSB based measurement requirements (for mobility) are considered for HST in FR2. However, both SSB and CSI-RS based BM and RLM requirements are considered for HST in FR2. 
Sub-topic 3-3: 
Possibly following may be impacted due to cell search/measurements: 
· RRC connection release with redirection delay requirements.
· RRC re-establishment delay requirements.
· Active TCI state switching.

	ZTE
	Sub-topic 3-1: Yes, we need to define idle mode cell reselection requirements to ensure a real deployment is working for the confirmed HST FR2 scenario
Sub-topic 3-2: The listed RRM requirements should be included in WID.

	Apple
	3-1/3-2/3-3: RRM scope can be included as part of study in the SID

	MTK
	All RRM aspects should be checked under this WI. But whether to introduce requirements should be up to the final conclusion in RAN4. We agree with Intel’s comment that current IDLE requirement (even that one enhanced in Rel-16 HST) are not feasible to this FR2 HST case. Same issue could happen for other requirements.
We prefer not to limit the RRM scope to specific requirement at this phase. We should let RRM experts to study the feasibility of existing requirements and decide whether new requirements are needed.

	vivo
	Sub-topic 3-1: Yes, and this is highly related to deployment scenarios.
Sub-topic 3-2: Yes, and this is highly related to deployment scenarios. 
Sub-topic 3-3: TCI state switch requirements may also need to be re-visited.

	Qualcomm
	Overall comments for RRM are that we first need to understand the deployment scenario and derive some mobility requirements. Based on this, we could tell which existing requirements are enough and what needs to be enhanced.
Sub-topic 3-1: There are already idle mode requirements, we should see what is needed. This device is likely to be connected all the time if it serves as backhaul for an access point so idle mode requirements are likely not be so important
Sub-topic 3-2: First we need to understand whether current requirements need enhancement or not. Most likely the answer yes but there is no clear target either.

	CATT
	3-1/3-2/3-3: Agree with Apple that RRM scope can be included as part of study in the SID.

	Samsung
	Sub-topic 3-1: Whether the IDLE mode cell reselections requirements shall be specified?
· RAN4 shall study the impact to IDLE mode cell reselection requirements. Whether to specify the requirements can be further discussed in the WI phase. Detailed objectives for IDLE mode requirements can be updated once RAN4 identify the impact to core requirements. 
Sub-topic 3-2: For connected mode, whether the following objectives shall be included in the WID?
· We agreed all the listed objectives shall be included in the WID to guarantee the RRM performance requirements for FR2 HST. 
Sub-topic 3-3: Any other missing RRM requirements from the objectives in sub-topic 3-2? 
· We prefer to only focus on the listed requirements for connected mode in the WI scope to keep the reasonable working area for this work.

	Verizon
	Sub-topic 3-1, 3-2 and 3-3: The requirements can be discussed in the WI phase. And, the detailed objectives requirements can also be updated once RAN4 identify the impact to core requirements

	China Unicom
	Sub-topic 3-1:
Connected mode is prioritized. If time allows, idle mode could be studied.
Sub-topic 3-2:
We agree to include all the listed objectives into the WID.

	Huawei
	Sub-topic 3-1:
Yes. For standalone mode, the idle mode requirement needs be specified. And more evaluation would be needed before defining the requirements.
Sub-topic 3-2:
For connected mode, we should include 
· Cell identification requirements
· Handover delay requirements
· Measurement requirements for L3
· Impact on RLM and UL timing
For all of those requirements, similar as for FR1 HST,  the evaluation should be conducted to see if the existing FR2 requirements could meet the requirements for FR2 HST and then for those which could not meet FR2 HST requirement, the new requirements are needed.
Regarding measurement requirement for L1 and beam management, whether to and how to define those requirements depends on the discussion about the Tx beam tracking as discussed in Topic 2 for beam correspondence.
There would be several solutions:
· BS based solution, which relies on BS implementation to track the location of users and continuously adjust the Tx beam pointing to users. Under this scheme, UE may not observe  the quick change of Tx beam and it seems OK for UE to fulfil the existing beam management requirements.
· UE based solution, which relies on UE quick beam sweeping and do TCI switching very dynamically. Under this scheme, BS generates multiple narrow Tx beams and UE should quickly switch between them. There would be frequently interruption.
· UE-BS coordination solution, which requires UE to report more frequently to help network to track the user location and point a certain Tx beam to user. This scheme may need some change for L1/L2.
We prefer BS based solution. But we are open to discussion. Based on the agreement for those solutions, we can further evaluate if the existing FR2 beam management requirements are sufficient for FR2 HST UE.



Summary for RRM core requirements 
	
	Status summary 

	Topic#3
	Tentative agreements:
For IDLE mode requirements, companies are open to discuss IDLE mode requirements but believe Connected mode shall be high priority comparing with IDLE mode. Moderator suggest to investigate the impact to IDLE mode before specifying the requirements. For connected mode, besides listed objectives, companies suggest to keep the other RRM requirements open.
For detailed RRM requirements descriptions, one company suggest to only limit mobility performance to SSB only but some other companies prefer to keep the objectives open in general. Moderator suggest to leave the descriptions of Connected mode requirements in generic manner. 
Recommendations for wording in the WID:
· Specify the UE RRM core requirements for 
· Idle/inactive mode cell reselection requirements enhancement if identified
·  RAN4 shall study the impact to IDLE mode cell reselection requirements firstly, whether to specify requirements for idle mode shall be decided in WI. 
· Connected mode
· Handover delay requirement enhancement 
· Measurement requirements enhancement including both L1 and L3 measurement 
· Beam management requirements enhancement including beam failure detection, candidate beam detection performance requirements
· Other requirements if identified 




Topic #4: Objective for performance part 
Companies’ contributions summary
	Company
	Proposals / Observations

	Samsung
	· Specify the RRM performance requirements of measurement accuracy if identified.
· Specify the RRM test cases related to new core requirements. 
· Specify the UE demodulation/CSI and BS demodulation requirements based on outcome of channel model and maximum Doppler frequency discussions

	Nokia
	· Investigate and specify the RRM performance requirements of measurement accuracy.
· Specify the RRM test cases related to new core requirements (if defined):
· Connected mode
· Cell identification requirements
· Measurement delay requirements
· Measurement accuracy requirements 
· Beam management requirements
· Other test cases are not precluded, if the core requirements are defined, e.g., BFD, RLM, UL timing, etc. 
· Specify the UE demodulation requirements and test cases at least for
· PDSCH 
· Other requirements are not precluded if needed. 
· Specify the BS demodulation requirements and test cases at least for 
· PUSCH 
· Other requirements are not precluded if needed



Open issues summary
Sub-topic 4-1: Whether the following objectives for performance part can be confirmed? 
· Specify the RRM performance requirements of measurement accuracy if identified.
· Specify the RRM test cases related to new core requirements if defined 
· Specify the UE demodulation requirements and test cases at least for PDSCH, other requirements are not precluded 
· Specify the BS demodulation requirements and test cases at least for PUSCH, other requirements are not precluded 
Sub-topic 4-2: Whether the UE CSI requirements shall be specified in the WI phase if identified 
· Option 1: Yes 
· Option 2: No
Companies views’ collection 
	Company
	Comments

	Nokia, Nokia Shanghai Bell
	Sub-topic 4-1:
The objectives can be confirmed

	Intel
	Sub-topic 4-1: Agree
Sub-topic 4-2: No

	CMCC
	Sub-topic 4-1: OK
Sub-topic 4-2: CSI requirements are not specified for both LTE and NR FR1 HST. Wondering whether there is any specific reason to add CSI requirements for FR2 HST.

	Ericsson
	In general: RRM core, UE demodulation performance and BS demodulation performance should be part of the feasibility study for determining the maximum speed in FR2. 
Sub-topic 4-1: In addition to the listed objectives:
· for UE demodulation at least we should check the need for UE demodulation PDCCH during the WI. 
· for BS demodulation we should include also PRACH demodulation. 
Sub-topic 4-2: we support option 1

	ZTE
	Sub-topic 4-1: As mentioned by Ericsson, PRACH requirements should also be specified
Sub-topic 4-2: Yes, if it is identified.

	Apple
	4-1/4-2: the exact scope can be part of the study in SID

	MTK
	Sub-topic 4-1: Support all objectives
Sub-topic 4-2: Need more justifications

	vivo
	Sub-topic 4-1: Yes
Sub-topic 4-2: Since TDD band is used in FR2, CSI requirements might not be that important if channel reciprocity can be utilized.

	Qualcomm
	Sub-topic 4-1: whether we need new measurement accuracy requirements is not clear. If new requirements are defined then new test cases for core will be needed.
Sub-topic 4-2: it’s not clear that this is needed, further discussion is needed

	CATT
	Sub-topic 4-1: Agree
Sub-topic 4-2: Prefer not. Keep alignment as HST in FR1.

	Samsung
	Sub-topic 4-1: Support all objectives, we also support to include PRACH requirement. For PDCCH requirements, given the short time duration of PDCCH, the performance is less sensitive to Doppler comparing with PDSCH. Based on that, we prefer to remove the PDCCH from the scope 
Sub-topic 4-2: We also recognize that CSI requirements are not specified for both LTE and NR FR1.  We are ok to remove the CSI requirements from scope 

	Verizon
	We agree with Samsung and support all objectives, including PRACH requirement. We also support to identify new measurement accuracy requirements and test cases for core requirements if needed.

	Huawei
	4-1: Generally ok, but as indicated by Ericsson, PRACH related requirements are needed.
4-2: We are open to discuss this CSI requirement for high speed train. But it seems difficult to define such requirement in time-varying channel. More investigation is needed.



Summary for performance part requirements 
	
	Status summary 

	Topic#4
	Tentative agreements:
Besides the listed objectives for performance part, companies also identify the PRACH requirements 
For CSI requirements, to align with FR1 HST and LTE HST, some companies prefer to remove the CSI requirements from the scope and two companies prefer to have further investigation in the WI. Moderator suggest to remove the CSI from the scope in the first version and continue discussion in the Sep plenary meeting to further confirm the scope for performance part  
Recommendations for wording in the WID:
· Specify the RRM performance requirements of measurement accuracy if identified.
· Specify the RRM test cases related to new core requirements. 
· Specify the UE demodulation and BS demodulation requirements based on outcome of channel model and maximum Doppler frequency discussions



Topic #5: Other details of drafting WID 
Companies’ contributions summary
	Company
	Proposals / Observations

	Samsung
	See RP-200896

	Nokia
	See RP-200846



Open issues summary
Sub-topic 5-1: Can we confirm the time scale for FR2 HST in Rel-17, i.e., 
· WI starts from Q4 2020. WI is expected to be completed aligning with Rel-17 schedule for both core part and performance part 
Sub-topic 5-2: Whether a new Technical Report for FR2 HST is required? 
· Option 1: Yes 
· Option 2: No 
Sub-topic 5-3: Any other comments for wording suggestions for justification parts in WID?  
Companies views’ collection 
	Company
	Comments

	Nokia, Nokia Shanghai Bell
	Sub-topic 5-1:
We agree with the proposed timescale for completion.

	Intel
	Sub-topic 5-1: WI can start from Q4’20 or Q1’21 depending on the progress with Rel-16 completion and available Tus. All Rel-17 Wis expected to start simultaneously and no need to discuss separately for each WI.

	China Telecom
	Sub-topic 5-1: Ok with the time scale.

	Ericsson
	Sub-topic 5-1: Agree. 
Sub-topic 5-2: support option 2. No need for any TR.

	ZTE
	Sub-topic 5-1:  The proposed time scale is fine with us
Sub-topic 5-2: Yes, a new TR is required for this new HST scenario

	Apple
	5-1: we agree with the time line. However, it is suggested to start with SI or at least a study phase
5-2: if it is a study item or with study phase, it makes sense to have TR


	MTK
	Sub-topic 5-1: Fine with the schedule. Detail TU needs to be further checked.

	vivo
	Sub-topic 5-1: we are fine with the time scale.

	Qualcomm
	Sub-topic 5-1: first we need to understand how much time is available and from which meeting. 
Sub-topic 5-2: a TR could be useful to document how the new requirements are derived

	Samsung
	5-1: we agree with the time line. The investigation on the maximum supporting speed, channel model and other deployment parameters can be treated in a study phase of a WI. 
5-2: The TR is necessary to capture the study on the maximum supporting speed, channel mode and deployment scenario with associated parameters. 

	Verizon
	5-1: We agree with the timeline and support a study in WI phase for the maximum supporting speed, channel model and other deployment parameters. 
5-2: A TR seems necessary to capture new requirements from study

	China Unicom
	Sub-topic 5-1:
The proposed timeline is fine.
Sub-topic 5-2:
The TR is necessary to capture the outcomes of the study for the channel mode, maximum speed and other requirements for supporting HST FR2.

	Huawei
	5-1: The specific Timeline should follow all Rel-17 WIs and available TU. Considering only one meeting is left for Q4’20, we prefer to focus on completion of Rel-16 WI on schedule.
5-2: New TR is needed as we proposed to start the study firstly.



Summary for details of drafting WID
	
	Status summary 

	Topic#5
	Tentative agreements:
Most companies prefer to start the work in Q4 2020, i.e., agree with proposed timeline. Moderators suggest to start the discussion based on proposed timeline. Detailed TU management can be further discussed with other new REl-17 proposals as well as RAN4 work management. Companies can also confirm to add a new TR in the WI. 
Some companies also suggest to add study phase. Moderators suggest to list the bullets for objectives to be investigated in the study phase, i.e., as suggested in sub topic #1. 
Candidate options:
Recommendations for wording in the WID:



